Abstract-Since the sensor nodes near the Sink take more communication load leading to excessive energy consumption and short its life cycle, this paper proposes a new energy hole solution algorithm. The algorithm adds some long chain to the Sink node to relieve energy hole of reducing data forwarding number around the Sink node, so as to prolong the lifecycle of the network. Firstly, The algorithm carries out the analysis of energy consumption to equidistance transmission network and puts forward adopting tactics of small world to alleviate energy hole and analyzes the position and number of long chain' influence on energy consumption and the network life cycle. Finally, the thesis carries out the simulation experiment. The experimental results show that this algorithm can significantly improve the network lifetime and easy to implement in practice.
network can be a long chain of wireless or wired long chain. Wireless long chain arranged flexibly, however, may increase the network energy consumption; Cable long chain once the layout is very difficult to change, but in many application environments are difficult to deploy cable long chain, however, it is beneficial to reduce the total energy consumption network. Considering the convenience of practical application, this paper mainly adopts the wireless long chain, puts forward a new method based on small world to effectively relieve the energy hole.
The experiments results of Data capacity improvement of wireless sensor networks using non-uniform sensor distribution show that when the life of a sensor network ended, the total residual energy is over 90%. It is an important research topic on how to effectively design network and make full use of the surplus energy to extend the life cycle of the network. To solve the problem of energy holes, a number of methods have been proposed: Lian J [3] studies the energy consumption in sensor networks, they found that through the experiment, for a static Sink, large-scale of uniform distribution networks, when the network at the end of the life cycle, there are still as much as 90% of the remaining energy. Therefore, the static model composed of uniform distribution of isomorphic node cannot make full use of the energy of the network. It also indicates the actual network life cycle can be further extended.
To do this, they put forward a kind of sensor nodes' uniform distribution strategy, near the Sink area is decorated more sensor nodes, the experimental results show that the new strategy can significantly improve the network lifetime. Wu X also uses uneven node layout strategy to relieve the energy hole [4] .
They theoretically discusses the strategy that in the no uniform node distribution of circular network, if the node continues to send data to the Sink node, the energy empty phenomenon will not be able to avoid, and when the number of nodes meet a certain relationship, subprime balanced energy consumption can be implemented in a network. They offer a no uniform node distribution strategy and the corresponding routing algorithms are used to implement the subprime balanced energy consumption. Non-uniform distribution of nodes is an effective way to solve energy hole, but it is often difficult to implement in practice [5] .
Song Chao etc. based on the improved model, to realize energy-saving purpose by adjusting the data transmission distance of each ring node [6] . They prove that search optimal transmission distance of each area is a multi-objective optimization problem, and put forward a distributed algorithm based on ant colony optimization, all area according to its adaptive distribution to explore the approximate optimal of transmission distance,implementation network life extension. This method often require complicated calculations, also does not apply to sensor Li J [7] studied energy space of more to one sensor network, they established an analysis model. Based on this model, analysis the validity of various existing technologies for alleviating energy hole, but they haven't come up with new methods to solve the energy hole. Olariu S [8] theoretically analyzed uneven energy consumption of sensor network; the author assumes that a circular uniform distribution in the network node, the node continues to transmit data to the Sink. In this paper, we use the energy consumption model is
is the transmission distance, 2  is energy attenuation coefficient, c is a normal number, x t is the maximum transmission radius of sensor nodes. The author proved that if the network is classified in the ring with same width, energy consumption on the routing come to a minimum. Also, they found that when the 2  by adjusting the width of the ring hole can be used to avoid energy, and 2  , the network is unable to avoid energy cavity formation.
Jarry [9] a puts forward a hybrid routing strategy, adopt the method of linear programming and balance the regional energy consumption to prolong the life of network, the author assumes that all sensor nodes can transfer data directly to the Sink, namely distance from any sensor to the Sink are less than the maximum transmission distance, node pass data to the Sink based on a residual energy function directly or more jump way. Perillom m [10] analysis and points out that more jump way of in the same communication radius, node close to the base station is more likely to run out of energy; Instead, when nodes and base station use direct one hop communication, node far from the base station is death earlier due to large energy consumption of nodes. To this end, a power control strategy was proposed to balance the energy consumption between each node, sum up the maximum of the network life cycle down to a linear programming problem. The algorithm is not applicable for large-scale sensor networks.
Dasguptak k etc [11] , proposed maximization algorithm by node responsibility assignment to the network lifetime, the algorithm contains two types of nodes, the sensor nodes and the forwarding nodes. Hierarchy is used by Hou y t [12] , etc to balance energy consumption, the author proposes a dual system of wireless sensor network (WSN), the nodes are divided into groups, each group includes a funnel (AFN) node, the node is responsible for the all nodes data's collection of this group and transfer data to the Sink, the AFN node and the Sink form the network system of layer 2.
Wang w, etc using mobile relay to prolong the lifecycle of the network, the authors found that the mobile relay need only mobile within two jump range can significantly improve the life cycle of the network. However, in many real networks, especially under the bad environment condition, it is difficult to effectively implement the mobile relay. Luo J etc [13] , uses the mobile Sink for data collection. As the result of the Sink's movement, changing the node around it, so that you can avoid formation of energy hole around the Sink. However, in many applications, the Sink is not suitable for mobile, especially in the enemy's area.
Helmy a etc [14] , introduces the logical link in the wireless sensor network to form a wireless network of small world effect, also applies to validate the small world network with spatial attributes of wireless sensor network (WSN). Research of Sharma G etc. shows that by adding a small amount of long chain into the network, can significantly improve in homogeneity energy consumption, improve the network lifetime. However, their work did not consider the problem of energy hole.
Liu A etc [15] , using non-uniform node layout strategy to relieve the energy hole, the core of strategy is to get close to Sink the cluster radius is lesser, and the far Sink cluster radius is larger. Liu Tao put forward energy empty avoid mechanism based on non-uniform distribution of the node, namely according to the node energy consumption level to prepare different initial energy reserves for each node.
The solution to the energy hole can be summarized as two main kinds: (a) by the uneven distribution of nodes to solve energy hole, which is more close to the Sink and more decorate more sensor nodes, studies have shown that this method can significantly improve the network life cycle, but the no uniform node distribution strategy is difficult to achieve in practice, because in most cases the nodes are random, the distribution of local node density is difficult to control.(b)Using linear programming or optimize method to search for sensor nodes such as transmission distance to prolong the network life time, so as to solve the energy hole, this kind of method usually require different nodes using different communication radius, some method also ask each node has the ability to communicate directly with Sink, the complexity of the calculation and node mobility are more sensitive and constrains them in actual application.
According to the situation above, this paper proposes a new energy hole solution algorithm, not only can significantly improve the network life cycle, and it is easy to implement in practice.
This paper mainly makes the development and innovative work in the following aspects:
(1) Aimed at the sensor nodes near the Sink taking more communication load caused by excessive energy consumption and shorten its life cycle, therefore this paper proposes a new energy hole solution algorithm. In sensor networks, it is easy to form energy hole around the Sink. Energy Hole makes the date undeliverable to Sink, and then the life cycle of network is ended, while there are lots of residual energy in the network. This paper analyzes the network Model and energy model, from the Angle of energy make theory analysis to sensor network adopting the tactics of small world. First of all, analysis network energy consumption of isometric transmission, then puts forward that adopting the tactics of small world to alleviate energy hole, the position of the long chain are analyzed theoretically and the quantity of energy consumption and the influence of the network life cycle, discussed the small world network 's way of implementation.
(2) In order to further validate r the algorithm's correctness and effectiveness of a new energy empty proposes by this paper, experimental verification of the theoretical analysis result above. In simulation experiment, the parameter 12 ,,    and 3  take typical values, the method is suitable for the small-scale network, also applies to large-scale sensor networks, has a good scalability; It is most favorable to arrange long chain within the ring 2 c , when the r1 increases to a certain value, /
Tl T basic remains the same, close to the  value, when the j l   , nodes in ring 1 c and 2 c have the same average energy consumption, at this time, the network has the maximum life cycle; Cost of network building and node deployment is small, simple communication mechanism, environmental impact of the system is small, and easy to implement. Experimental simulation results show that this algorithm can significantly improve the network lifetime and easy to implement in practice.
II. MODEL
This article assumes that all sensor nodes are uniformly distributed in the circular area with a radius R, sink, set in the center of the network. The network was divided into annular region by k center circle, the radius of the center circle respectively 1 2 3 , , ,..., A typical sensor node usually consists of three parts: sensing unit, processing unit and transceiver unit. Assume that all sensor nodes have the same initial energy C, Sink node's energy is infinite. The network uses a optimized sleep scheduling agreement, free sensor nodes into sleep mode, so energy consumption of the sensor nodes in the free state are ignored. Due to the energy consumption of sensor network is mainly caused by data transmission, so the model only considering the energy consumption of the data transmission and receive energy consumption of the data, the formula for energy consumption. 
III. A NEW ENERGY HOLE SOLUTION ALGORITHM
From the Angle of energy, the tactics of small world is adopted to make theory analysis in sensor network. First of all, analysis to isometric transmission of network energy consumption, then puts forward that adopting the tactics of small world to alleviate energy hole, the position of the long chain are analyzed theoretically and the quantity of energy consumption and the influence of the network life cycle, discussed the small world network 's way of implementation.
A. Energy Consumption of Equidistance Transmission
In much of a sensor network, all sensor nodes of sensory data are transmitted to the Sink node through multiple hops ways, this led to the uneven energy consumption of sensor nodes near the Sink forward because the need for more data from other nodes and early exhausted their energy, leading to a energy hole around the Sink. We assume that each sensor node produce b unit data per unit time, since the node is randomly distributed evenly, so the whole network node density is uniform, that is R q M  Among them, R is the total number of sensor nodes in the network; M is the area of the network area.
According to our network model and energy model, the total energy consumption of ring
Perillo M theoretically analyzed the uneven energy consumption of sensor network, and proves that if the network is classified having the same width with the ring,
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The average energy consumption of each node in the ring 1 c is
Assuming sensor node in circular ring 
Maximum ring number k take 10, 20 and 30, respectively, according to the type (3), get range of
As can be seen from table 1, the ring 1 ' Cs node energy consumption is much larger than energy consumption of other ring, their energy depletion is empty, the main reasons for the formation and the maximum number of ring to change does not affect the law above. Therefore, we can add small amount of long chain, sent parts of data of the other ring directly to the Sink, and reduces the energy consumption of the ring 1 C , prolong the life cycle of the network.
B. Energy Consumption Analysis of Wireless Networks based on the World
Because node energy consumption and transmission distance α in the direct ratio of 2 ~ 6 times, therefore, the presence of long chain can increase the energy consumption of the corresponding node. Through the analysis of the front, we found as far away from the Sink, the sharp decline in energy consumption of sensor nodes, energy cavity mainly appeared in the circle, near the Sink, especially the first circle 1 C . Therefore, through connecting long-range, increase far away from Sink's node energy consumption and reduce near the Sink's node energy consumption, so as to realize the energy equilibrium, prolong the life cycle of the network. However, how much long chain should be increased, where to put the extended chain most favorable, these long chains have much impact on the network life cycle? The following analysis. 
The number of long chain in sensor network is limited by energy consumption and achieve, unfavorable overmuch. Set a fixed number of long chain in a network, denoted by n, these long chain appear within the ring 
It can be seen from type (5) that i  increases with the increase of the I . According to the type (4) and type (5), when the long chain appeared in the ring far away from Sink, the average energy consumption E1l within ring 1 C node will increase, namely E1l increases with the increase of the I . As a result, most good long chain arrangement within the ring 2 C , which is beneficial to prolong the lifecycle of the network, at the same time, because the long chain length is shorter, and easy to implement. 
According to type (8) , after joining part of the long chain within the ring 2 
C
, at least improve network life cycle Times, for a specific network, the related parameters are taken in type (7) with type (8)
value can be calculated out.
We achieve long-range connection through two transmission radius of sensor nodes decorated within the ring 2 
. A maximum transmission radius is transmit the data to the nodes within 1 C , another maximum transmission range is 2 1 r , data can be directly to the Sink, Sink as the origin of coordinates, the circular area is divided into four quadrants. Long-range connection initiated by the Sink, at regular intervals, Sink randomly select has a larger residual energy from each
nodes to establish a long-range connections, namely uses the communication radius 2 1 r of these nodes to transfer data directly to the Sink. Other nodes within the 2 C can only through nodes of 1 C transmitting data to the Sink. When the remaining energy of a node inside the 2 C below average remaining energy of nodes in the 1 C , it cannot be selected as a long-range connected nodes, thus preventing nodes within the 2 C earlier run out of energy than nodes within 1 C . As can be seen from table 1, ring 1 C node energy depletion is empty, the main reasons for the formation, therefore, it can add a small amount of long chain, parts of the other ring data is sent directly to the Sink, and reduces the energy consumption of the ring 1 C , prolong the life cycle of the network. According to the type (4) and (5), when the long chain appeared in the far away from the Sink ring, ring 1 C node within the average energy consumption of 1l M will increase, namely il M increases with the increase of number of ring I. As a result, most good long chain arrangement within the ring 2 C , which is beneficial to prolong the lifecycle of the network, at the same time, because the long chain length is shorter, and easy to realize. According to the type (8), after joining part of the long chain within the ring 2 C , network lifetime at least improve
kk   times, if λ takes 0.5 approximation, the network life cycle is about 2 times. Through the analysis above we can see that in the ring 2 C to join part of the long chain can effectively improve the network life cycle, and compared with other related methods, it is very easy to implement in practice.
IV. EXPERIMENTAL SIMULATION AND ANALYSIS
On the theoretical analysis above from the perspective of the experimental results for validation, and analyze the maximum ring number of k and ring width r1 influence on network life cycle, through comparing with equidistance transmission network, shows that our method can significantly improve the life cycle of the network. Due to the energy hole problem is mainly focus on the network lifetime, therefore, the simulation experiment mainly examination, analyzed the network life cycle.
In a simulated experiment, the parameter . node initial energy 100 eJ  , per unit time to produce the amount of data that b = 104 bit/s, maximum transmission radius for r1, ordinary nodes maximum transmission radius of the long chain node for 2 1 r , the simulation node number is respectively 1000, 2200, 4000, 6000 nodes (respectively corresponding to different values of k) evenly distributed sensor nodes. We assume that the MAC layer is the ideal; there is no conflict and additional energy consumption caused by data retransmission. In Sensor area is divided into several such wide circle, circle is equal to the width of r1, the largest circle radius is fairly k r , k for the total number of network circle. / l TT for small world network and isometric transmission ratio of the life cycle of the network, reflects the degree of improving the life cycle. After a small amount of long chain can be seen from the figure 2, when r1 must have little impact on life cycle to improve degree of network scale, it shows that our method is not only suitable for small networks, and also applies to large-scale sensor networks, has a good scalability. This conclusion is accordance with type (7). As can be seen from the network energy model, data from one node to another node, the energy consumption is proportional to 1 r Power  According to this network model, when the k value is sure, data transmission, hop is certain. Thus, k at constant values, different r1 value reflects the single hop transmission distance (or ring width) influence on network life cycle. As can be seen in figure 3 , single hop transmission distance has a great influence to 1 ' rs increase in the network life cycle, / l TT is gradually slow down with the increase of 1 r . This is mainly because with the increase of r1, long chain transmission will consume more energy, increasing the total energy consumption of the network. It also illustrates the most good long chain arrangement within the ring Addressed by the uneven distribution of node energy hole, but because in most cases, the node distribution is random, local node density is difficult to control; the no uniform node distribution strategy in practice is difficult to achieve. Through the ant colony optimization algorithm to determine the transmission radius of each node, the complexity of the calculation of node mobility is more sensitive and constrains their practicality. Therefore, we compared with "Using mobile relays to prolong the lifetime of wireless sensor networks". By joining in the ring of 2 C and 1 C a mobile relay to achieve the purpose of ease energy hole. Figure 6 , node density 4 p  , k respectively take 5, 7, 9, 11, 13 and 15. It can be seen from the figure 6, the maximum number of ring k is small, our algorithm is superior to the literature of "Using mobile relays to prolong the lifetime of wireless sensor networks". In addition, his method increases the cost in the construction of the network also bring larger network transmission delay, and cannot be used in many applications of mobile relay, for example, the complex terrain environment, therefore, its application has great limitation. And the proposed method not only have small cost of network building and node deployment, simple communication mechanism, environmental impact on the system is small, and easy to implement, has the very good practical value.
V. CONCLUSION
In sensor networks, it is easy to form energy hole around the Sink. Energy hole allows data could not be served to Sink and make the end of the network life cycle, then still have a lot of the remaining energy in the network. In order to solve the problem of energy hole, people put forward many methods. Different from existing research, this paper studies and proposes a solution based on small world energy hole algorithm, by adding a small amount of long chain in the network, decrease data forwarding near the Sink node to prolong the life cycle of the network. This paper analyzes the different positions of the long chain influence on network life cycle, and also analyzed theoretically the best proportion of long chain and its influence on network life cycle. The proposed method can improve the network life cycle, and it is easy to implement in practice.
